Silybin, a flavonolignan isolated from the seeds of Silybum marianum, is an important hepatoprotective drug used in the therapy of liver damage of various aetiology and as a liver protecting drug [1] . Silybin acts as a radical scavenger, removing the reactive radicals formed during the detoxification of xenobiotics by the liver monooxygenase system [2] . It stimulates the metabolism of phospholipids as an anti-lipoperoxidant, modulating the fluidity of the cell membranes [2] . Silybin is scarcely soluble in water and poorly absorbed after oral administration, disadvantages that prevent it from being used as a medicine.
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Plant cell cultures are ideal systems for propagating rare plants and for studying the biosynthesis of secondary metabolites such as flavors, pigments, and agrochemicals. Furthermore, the biotransformation of various organic compounds has been investigated as a target in the biotechnological application of plant cell culture systems [3] . Glycosylation is a characteristic biotransformation reaction in cultured plant cells. Glycosyltransferases are widespread in plants, and glycosylation of terpenes by cultured plant cells has been reported [3] . It has been postulated that the glycosylation of silybin may enhance its watersolubility, to give glycoconjugates as potential prodrugs. To our knowledge, there have been no reports on the regioselective glucosylation of silybin at its 23-position by cultured plant cells.
Herein, we report, for the first time, the formation of silybin-23--D-glucoside by glucosylation of silybin with cultured plant cells of Eucalyptus perriniana.
Silybin was subjected to biotransformation with cultured plant cells of E. perriniana and the biotransformation product was found by HPLC analyses of the methanol extracts of the cells. The culture medium was extracted with ethyl acetate. After concentration of the methanol extracts of the cells, the residue was partitioned between H 2 O and ethyl acetate. The ethyl acetate fractions were combined, concentrated, and analyzed by HPLC. The H 2 O fraction was applied to a Diaion HP-20 column and the column washed with H 2 O followed by elution with methanol. The methanol eluate was subjected to HPLC to give the glycosylated product which was identified as silybin-23--D-glucoside by direct comparison of 1 H and 13 C NMR spectra with those reported previously [4] . The 13 C NMR chemical shift of C-23 of the product was shifted downfield to  69.3, compared with that ( 62.5) of silybin. Upon irradiation of the anomeric proton at  4.33 (H-1'), a NOE was observed for the signals at  3.51 and 3.91 (H-23). These findings indicate that the sugar moiety of the product was attached at C-23 of silybin.
To investigate the glucosylation capability of the cells, the timecourse of the conversion of silybin by cultured cells of E. perriniana was examined. As shown in Figure 1 , silybin was converted into silybin-23--D-glucoside in the early stage of the incubation period. The conversion yield of silybin-23--D-glucoside increased up to 70% during the time-course experiment.
Thus, it was demonstrated that cultured plant cells of E. perriniana can glucosylate silybin to silybin-23--D-glucoside in high yield. Earlier, cultured plant cells of Papaver somniferum var. setigerum were reported to regioselectively glucosylate silybin to silybin-7--D-glucoside [5] . In the present experiment, silybin-7--D-glucoside was not detected. This is the first description of regioselective
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glucosylation of silybin at its 23-position by cultured plant cells. Purification of the glucosyltransferases that catalyze the reaction is now in progress in our laboratory.
Experimental
General: HPLC was carried out with a chiral column, Crest Pak C18S (4.6 x 150 mm, JASCO Co. Japan) (detect: UV 288 nm; solvent: methanol/H 2 O/acetic acid, 40/60/0.1; flow rate: 1 mL/min). Sylibin used as substrate was donated by Fancl Co. (Yokohama, Japan) and used without further purification. The cultured cells of E. perriniana were subcultured at 4-week intervals on solid MS medium containing 2% glucose, 1 ppm 2,4-dichlorophenoxyacetic acid, and 1% agar (adjusted to pH 5.7) in the dark. A suspension culture was started by transferring 20 g of the cultured cells to 300 mL of liquid MS medium in a 500 mL conical flask.
Biotransformation procedure: The suspension cells of E. perriniana were incubated in 500 mL conical flasks for 3 weeks. The cultured cells in the stationary growth phase were used for experiments. After the cultivation period, 300 mg of the substrate was added. The transformation was performed by incubating the mixture at 25 o C on a rotary shaker (70 rpm) in the dark. The culture medium was extracted with ethyl acetate. The cells were extracted (x3) by homogenization with methanol. The methanol fraction was concentrated and partitioned between H 2 O and ethyl acetate. The ethyl acetate fractions were combined, concentrated, and analyzed by HPLC. The ethyl acetate fraction was subjected to chromatography on silica gel with n-hexane-ethyl acetate (95:5, v/v) to yield the substrate. The H 2 O fraction was applied to a Diaion HP-20 column that was washed with H 2 O followed by elution with MeOH. The MeOH eluate was subjected to HPLC to give the glycosylated product. The yield of product was determined on the basis of the peak area from HPLC and expressed as a percentage relative to the total amount of reaction products extracted. The product was identified by comparison of its HRMS-FAB and NMR spectroscopic data with that reported [4] . Time-course experiment: Thirty g (fresh weight) of suspension cells of E. perriniana was partitioned to each of 8 flasks containing 100 mL of medium. Substrate (16 mg) was administered to each flasks and the mixtures were incubated on a rotary shaker at 25°C. At 10 h intervals, one flask was taken from the rotary shaker, and the cells and medium separated by filtration. The extraction and analysis procedures were the same as those described above. The yield of products was determined on the basis of the peak area from HPLC and expressed as a relative percentage to the total amount of the reaction products extracted. 
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